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By Stanley H. Scher and John W. Draper
SUMMARY

In several instances during level-flight check tests of the operation
of tall spin-recovery parachute equipment, the instability and the erratic
behavior of the conventional flat parachutes used caused the airplanes
to make uncontrollable gyrations. In order to determine whether a stable
parachute could be safely towed behind an airplane in flight and also
whether it would be effective as a spin-recovery device, the National
Advisory Committee for Aeronautics has conducted an investigation with
airplane models in the lLangley free-flight and Langley 20-foot free-
spinning tunnels. Both hemispherical and flat parachutes with a range
of porosities were used in the investigation.

The investigation indicated that when an unstable taill parachute of
the size estimated as required for spin recovery was opened from a model
in gliding flight, the model performed extremely violent pitching and
yawing gyrations which prevented sustained gliding flight; whereas when
a stable parachute was opened, the flight characteristics of the model
were satisfactory. The gyrations caused by towing unstable parachutes
were not reduced appreciably when the towline was lengthened. Satis-
factory spin recoveries were effected with either stable or unstable
parachutes. In general, the hemispherical parachutes gave spin recoveries
equally as good as unstable flat parachutes when the projected
diameter of the hemispherical parachute was about two-thirds the laid-
out-flat diameter of the unstable flat parachute. The stability of
both the hemispherical and flat parachutes was found to be primarily
a function of the porosity of the fabric. The parachute drag coefficients
decreased as the porosity was increased.

INTRODUCTION

Before some types of airplanes are accepted by the Armed Services,
the contractor is required to assure by flight tests that the airplane
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is satisfactory with regard to spin recovery. During the spin-demon-
stration flights, the airplane is usually equipped with a tail parachute
for use as an emergency spin-recovery device. The size of parachute.
and the length of towline needed to provide satisfactory spin recovery
for a specific airplane are usually determined by the National Advisory
Committee for Aeronsutics by means of tests in which small parachutes
are opened on & dynamically scaled model of the airplane spinning in

the Langley 20-foot free-spinning tunnel. In the past, flat parachutes
made of silk or nylon such as is conventionally used in personnel para-
clmtes have been used both in the tunnel tests and in flight and have
generally been satisfactory in effecting spin recovery. Recently, however,
this type of parachute has caused difficulty when the parachute was
opened iIn normal flight to check the operation of the opening mechaniem.
After the parachute has been opened, the airplane in several instances
has performed wild uncontrollable gyrations and in one instance a fatal
crach resulted. This behavior was believed to be caused by the inherent
instability of the conventional flat parachute used. -In order to verify
this Tact and to find means for correcting the condition, the NACA

has underteken an investigation with airplane models in the Langley free-
flight and Langley 20-foot free-spinning tunnels.

In the investigation, the effect of replacing the unstable flat
parachute with a stable parachute in gliding flight and in spins was
investigated. The effect of increasing the length of the towline of an
unstable flat parachmte towed behind a model in a nose-down diving
attitude was also studied. The stable parachutes used in the investi-
gation were high-porosity flat and hemispherical parachutes. Before
the behavior of the airplane models with the stable parachutes was
determined, the stability and drag characteristics of a series of
parachutes of different porosities were measured at low speed. Brief
tests were also made at high airspeeds on one of the hemispherical para-
chutes.

SYMBOLS
Q dynamic pressure, pounds per square foot (%pV2>
\ airspeed, feet per second
[a} density of air, slugs per cubic foot &

o

mean aerodynamic chord, feet

x/E ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to length
of mean aerodynamic chord
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z/c

ky, ky, kg

ratio of vertical distance between center of gravity
and fuselage reference line to length of mean aero-
dynamic chord (positive when center of gravity is
below fuselage reference line)

radii of gyration about X-, Y-, and Z-axes (body),
respectively, feet

wing span, feet

wing area, square feet

pitching-moment coefficient Eﬁ )
qCSy,

yawingamément coefficient N
qbSy

pitching moment, foot-pounds , '
yawing moment, foot-pounds

rate of change of yawing-moment coefficient with angle

of sideslip per degree (%%Q)

angle of sideslip, degrees

rate of change of pitching-moment coefficient with 1lift
coefficient (static margin)

1ift coefficient [Lift
aSw

dac
slope of 1lift curve per degree (aflg
a

rate of change of pitching-moment coefficient with .angle
dcC
m

of attack per degree i

angle of attack of fuselage reference line of model
during gliding flight, degrees

angle of attack at zero 1lift, degrees
angle between fuselage reference line and vertical during

spin (approximately equal to absolute value of angle of
attack st plane of symmetry), degrees
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angular velocity of model about spin axis, revolutions
per second :

glide-path angle, degrees

distance from center of gfévity of model to parachute-
towline attachment point, measured parallel to
fuselage reference line, feet

distance from center of gravity to parachute-towline
attachment point, measured perpendicular to fuselage
reference line, feet

distance from line of application of parachute drag to
center of gravity of model, measured perpendicular to
line of application, feet

distance from center of gravity to intersection of
towline with vertical body axis, feet (fig. 21)

distance from attachment point of parachute to intersection
of towline with vertical axis, measured perpendicular
to X-axis (body), feet (fig. 21)

drag coefficient of parachute (DP/qu)

dfag of parachute, pounds

weight of parachute including shrouds and towline, pounds

ﬁdp2>

area. of parachute, square feet (—7T_

laid-out-flat diameter of flat parachute; projected
diameter of hemisphericel parachute

approximate angle of inclination of parachute from
direction of air stream due to its instability, degrees

approximate angle at which parachute hangs down due to
its weight when towed in gliding flight,

W
degrees (?an'l 52>
iy

approximate total angle of inclinatibn of parachute from
direction of air stream, degrees
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APPARATUS

Wind Tunnels

The tests were made in the Langley free-flight tunnel and in the
Langley 20-foot free-spinning tunnel. The Langley free-flight tunnel
is equipped for testing free-flying dyneamic models and its operation is
described in detail in reference 1. An operator adjusts the inclination
of the longitudinal axis of the tunnel and the tunnel velocity to corre-
spond to the normal glide-path angle and trim airspeed of the model to
control its horizontal and vertical position in the test section. A
pilot controls the model in flight by means of two control sticks
that supply current to small, electromagnetic mechanisms within the model
that actuate the control surfaces. The motions of the model are observed
by the pilot in order to determine its stebility and control character-
istics. These observations are supplemented by motion-picture records.
The Langley 20-foot free-spinning tunnel has a vertically rising air
stream and its operation is similar to that described in reference 2
for the Langley 15-foot free-spinning tunnel, except that the dynamic
models are launched by hand with spinning rotation rather than launched
from a spindle. The airspeed is adjusted to equal the rate of descent
of a spinning model. Fully developed spins are studied and an attempt
is then made to effect recovery from the spin by control reversal,
opening a spin-recovery parachute, or by some other recovery device.

Alrplane Models

. One free-flight-tunnel model, which is referred to herein as model 1,
and five free-spinning-tunnel models, which are referred to herein as
models 2 to 6, were used in the tests. Three-view drawings of the models
are shown in figures 1 to 6. The general construction of the models,
which were made principally of balsa, is described in references 1
and 2. The models were ballasted with lead weights and dynamically
represented airplanes such as fighters and torpedo-bomber airplanes which
might use a spin-recovery parachute. The model loading conditions are
listed in table I. Remote-control mechanisms were installed in each
model to open the parachutes.

Parachutes

The flat spin-recovery parachutes used in the investigation were
made of circular pieces of nylon, silk, or loosely woven mesh. The
nylon and silk parachutes had central vents and were similar in
construction to those described in reference 3. The flat parachutes used
are listed in table IT and photographs of a typical unstable flat para-
chute inflated are presented as figure T.

e et i, e e e ey = oy
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The hemispherical parachutes had preformed hemispherical canopy
shapes with the diameters ranging from 4.14 inches to 36.56 inches
(projected diameters); they were made of different -types of
cloth, the specified porosity numbers of which ranged from 150 to
over 900. The porosity numbers are given as the cubic feet of air that
will pass through 1 square foot of the cloth per minute under a pressure
of 1/2 inch of water. The porosity as given for each parachute does not
take into account a probable reduction in air flow through the parachute
due to seam construction between the panels or due to the double-thickness
crown panel which was at the top of each parachute canopy. The hemi-
spherical parachutes used are listed in table IIT and a photograph of a
stable hemispherical parachute inflated is presented as Ffigure 8.

METHODS AND TESTS

Two testing methods were used to study the stability of the various
parachutes. One method consisted of tying the end of the towline of each
parachute listed in table IV to a bar, holding the bar in the air stream
of the Iangley 20-foot free-spinning tunnel, and noting the behavior
of the parachute over the range of airspeeds noted in table IV. The
other method consisted of tying weights to the towline of each of the
parachutes listed in table V, releasing it to float freely in the air
stream of the Langley 20-foot free-spinning tunnel, and noting the
behavior of the parachute. Parachutes which alined themselves with the
wind stream were considered to be completely stable, although parachutes
which inclined only a few degrees from the air stream and did not
oscillate were also classified as stable. In order to obtain data for
calculating the drag coefficients of the parachutes, the airspeed
necessary to hold the parachutes and weights at test level when they were
floating freely in the Langley 20-foot free-spinning tunnel was recorded.
The drag of the parachute was then taken to be equal to the sum of the
weight of the parachute and the suspended weight.

In the gliding-flight tests in the Langley free-flight tunnel,
unstable and stgble parachutes of various sizes as listed in table VI
were opened on a 30-inch towline attached to the tail cone of model 1
vhile the model was in flight, and the glide-path angle and air-stream
velocity were adjusted to the resulting new trim conditions. Observations
of the stability of each parachute and the resulting effects on the
stability and control of the model were made. A photograph showing the
model towing a stable hemispherical parachute is glven as figure 9.

For the spin-recovery tests, made with models 2 to 5, the parachuté
pack was Installed near the rear of the fuselage below the horizontal
tail and the towline was attached to the rear of the fuselage. The
parachutes and towlines used on each model are indicated in table VII.
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Various airplane tail-parachute installations are discussed in refer-
ence k. A typical free-spinning-tunnel model is shown spinning in the
tunnel in figure 10. The number of turns required for recovery from
the spins was measured fram the time the parachute pack was freed to
permit its opening for recovery until the spin rotation ceased.

Tests were made to determine the effect of parachute-towline length
on the behavior of a diving model towing an unstable flat tail parachute.
For these tests, model 6 was suspended in the vertical air stream of the
Langley 20-foot free-spinning tunnel from the 10.00-inch-dismeter unstable
flat parachute with successive towlines of 10 inches, 30 inches, and
60 inches attached to the rear of the fuselage. The behavior of the
parachute and of the model in the air stream were noted.

] The 11.84-inch-diameter 400-porosity hemispherical parachute was
tested in the Langley 300 MPH 7- by 10-foot tunnel at airspeeds up
to 246 miles per hour to determine the opening characteristics of the
parachute at high speed.

Motion pictures were taken during the various tests and the film
records were used in evaluating the results.
RESULTS AND DISCUSSION
Preliminary Study of Parachute Characteristics
Parachute stability.- The results of the tests made to determine the

stability of the parachutes are presented in tables IV and V. The average
angle of inclination of the parachute to the air stream €5 varied with

porosity as shown in figure 11. A porosity of at least 400 was necessary
to make the hemispherical parachutes remazin stably alined within a few
degrees of the direction of the air stream. As the porosity was decreased
below 400, the parachutes became unstable and inclined progressively

more and more from the direction of the air stream and began to make
erratic side-to-side motions. The 400-porosity hemispherical parachutes
were selected as sufficiently stable for use in the tests of the gliding-
flight and spin-recovery models. It was found that a flat parachute of
very high porosity alined itself stably with the air stream, just as did
the high-porosity hemispherical parachutes. The stability of the para-
chutes was not appreciably affected by changes in airspeed over the test
range indicated in tables IV and V. A photograph of five approxi-

mately 9.80-inch-diameter hemispherical parachutes of djifferent porosities
(ranging from 150 to 400) with their towlines attached to a horizontal
bar in the air stream is presented as figure 12. Motion-picture strips

of two 5.86-inch-diameter hemispherical parachutes, one with a porosity
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of 150 and one with a porosity of 400, floating freely in the air stream
are presented in figures 13 and 14, respectively. The results of the
tests made over the porosity range of 30 to 294 indicate that the hemi-
spherical shape contributed somewhat to the parachute stability because
the unstable hemispherical parachutes within that porosity.range
occasionally ceased their erratic motions fér a brief instant and merely
traveled across the tunnel, whereas the 120-porosity flat parachutes
were continuously erratic. .

The present test results are in agreement with the results presented
in an unavailable British paper, wherein it is noted that porosity has
a large effect on the stability of a parachute. That the shape of a
parachute may also affect its stability is indicated by the present test
results, by those reported in the aforementioned British paper, by the
results reported in reference 5, and by a few tests (results unpublished)
with truncated pyramidal parachutes. The present results obtained with
the 9.80-inch-diameter 400-porosity hemispherical parachute with shortened
shroud lines (table IV) are in agreement with the British paper, which
indicates that parachute stability is independent of both the length and
number of shroud lines.

Parachute drag coefficients.- The drag coefficients measured for
the hemispherical and flat parachutes of various porosities are given in
table V and are plotted for the hemispherical parachutes in figure 15.
The value of drag coefficient at zero porosity plotted in figure 15 for
comparison was obtained from reference 6 for a metal hemispherical shell.
It will be noted from figure 15 that the drag coefficients decreased as
the porosity was increased. The drag coefficient of the hemispherical
parachute of sufficient porosity to provide stability (porosity of 400)
was 1.1 as compared with 1.4 for the metal hemispherical shell. These
coefficients are based on the projected area of the canopy. The drag
coefficients of the flat parachutes given in table V are based on the
surface area. For a direct comparison with the flat parachutes In tTeérms
of surface area, the drag coefficients of the hemispherical parachutes
should be divided by 2. On this basis the 40O-porosity stable hemi-
spherical parachute had a drag coefficient of 0.55 as compared with 0.71
for the conventional flat parachute, and for equal drag at a given
airspeed, the hemispherical perachute would require approximately 130 per-
cent of the surface area of the conventional parachute. The corresponding
projected area of the hemispherical parachute would then be 65 percent
of the surface area of the conventional parachute and the corresponding
projected diameter specified for the hemispherical parachute would be
approximately 80 percent that of the laid-out-flat diameter of the
conventional parachute.

)

Parachute behavior as affected by airspeed.- Over the airspeed range
tested (velocity range, 26 to 92 fps) with the parachute towlines tied to a
bar in the air streem of the Langley 20-foot free-spinning tunnel (table Iv),
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the hemispherical parachutes having porosities of 150 to 40O retained
their shape and the 120-porosity flat parachute retained its fully
inflated shape. The parachutes having porosities greater than 400,
however, including both the hemispherical and flat parachutes, started
to close at the rim as the airspeed was increased above 26 feet per second.
At 40 feet per second the hemispherical parachute with a porosity of 612
was nearly closed. With a strip of imporous tape 3/h inch wide attached
around the rim of the 612-porosity hemispherical parachute just above
the hem (hem was 1/4 in. wide), the parachute remained fully open in a
bemispherical shape over the entire airspeed test range. A strip of
tape 1 inch wide applied in a similar manner to the 10.60-inch-diameter
flat parachute made of loosely woven mesh caused it also to remain fully
open over the entire airspeed range.

In the tests of the 11.84-inch-diameter 400-porosity stable hemi-
spherical parachute in the Langley 300 MPE 7- by 10-foot tunnel, it was
found that the hemispherical parachute retained its shape as the tunnel
airspeed was increased from low speed to an indicated sea-level velocity
of 361 feet per second (246 mph). However, when the same parachute
was opened at an indicated sea-level velocity of 304 feet per second
(208 mph), it contracted at the hem and assumed a pear shape which it
retained as the airspeed was decreased to zero. When this parachute
was opened in the Langley 20-foot free-spinning-tunnel air stream at
an airspeed of 92 feet per second, it assumed a hemispherical shape.
Measured drag coefficients of the parachute at various indicated sea-
level velocities during the test runs in the Langley 300 MPH 7- by 10-foot

"tunnel are plotted in figure 16. As shown in the figure, the drag
coefficients depended on the shape of the parachute and were smaller when
the parachute was pear-shaped than when it was open to its full hemi-
spherical shape. For both the pear shape and the hemispherical shape
the parachute drag coefficients increased with a decrease in airspeed.

Experience with full-scale hemispherical parachutes of the particular
type used in the model tests has indicated that the pear shape is normally
obtained upon opening at high speeds and that the final hemispherical
shape usually develops soon after the airspeed is reduced. With regard
to airplane spin recovery, the airspeed is not appreciably reduced after
the parachute opens and therefore a parachute which is selected as
sufficient to provide spin recovery should open fully almost immediately
" so that all its potential drag will act to effect rapid spin recovery.

The opening characteristics of full-scale stable spin-recovery parachutes
can best be determined by testing them at the airspeeds attained by
airplanes in spins. The results of a wind-tunnel investigation of the
effects of several parachute design variables on the opening character-
istics of a series of hemispherical parachutes are presented in refer-
ence 7. .
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Behavior in Gliding Flight

The results of the tests in which unstable and stable tail para-
chutes were opened on model 1 during gliding flight in the Langley free-
flight tunnel are presented in table VI. The comparative behavior of
stable and unstable parachutes being towed behind the model in gliding
flight is shown in the motion-picture strips in figure 17. Opening
unstable parachutes of either the conventional flat type or the low-
porasity hemispherical type had an adverse effect on the stability of
the model because of the erratic osclllatory motions of the parachute.

" When the unstable parachute was small, its erratic motions caused little
difficulty in flying the model because the forces exerted on the model
were small. With the larger unstable parachutes, however, the forces
were large enough to impart severe and erratic pitching and yawing
motions which made sustained flight difficult or impossible. A T7.00-inch-
diameter flat parachute and a 7.26-inch-dismeter hemispherical parachute
of nearly equivalent porosity were the largest of the lower-porosity
unstable parachutes with which flight could be maintained. When a 15-inch-
dismeter flat parachute - the size estimated as necessary for satisfactory
spin recovery - was opened, the model performed extremely violent pitching
and yawing gyrations which prevented sustained gliding flight. When
stable parachutes were opened, there was no adverse effect on the flying
characteristics of the model; rather, the primary effect of the stable
parachute was to increase the stability of the model. A method of
calculating the increase in longitudinal and directional stability of
the model contributed by the parachmte is presented in the appendix.

The changes in glide-path angles and trim 1ift coefficients for the
different parachutes with the towline attachment at the rear of the
fuselage as shown in figure 1 are also presented in table VI. The
main effect of apening a parachute was to steepen the glide-path angle
without much change in the trim 1ift coefficient. The maximum change
in glide-path angle observed was 14° which was obtained with the 9.86-inch-
diameter 200-porosity hemispherical parachute. A method of estimating
the effect of the parachute on the trim 1ift coefficient, which is a
function of the aerodynamic characteristics of the airplane and para-
chute as well as the geometry of the installation, is given 1in the
appendix.

Spin-Recovery Effectiveness

The results of the spin-recovery-parachute tests are presented in
table VII. The calculated drag of each open parachute during the spin
recovery is also included in the table. The drag coefficients used in
calculating.the drag were taken from table V. Motion-picture strips
showing model 5 recovering fraom spins after a parachute was opened are
shown in figures 18 and 19. The respective parachutes shown are
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the 6.00-inch-diameter unstable flat type and the 4.20-inch-diameter
400-porosity stable hemispherical type, and both recoveries shown were
effected in about 1 turn of the model. As the model dived following

the recoveries from the spin, the flat parachute moved from side to side
behind the model, whereas the 400-porosity hemispherical parachute
trailed stably behind the model. The results obtailned with models 2

and 5 indicate that there was no appreclable difference in the number

of turns for recovery required after opening a stable hemispherical
parachute (porosity 400) or an unstable hemispherical parachute
(porosity 150) of the same diameter and of approximately the same drag.
(See table VII.) When an unstable flat parachute of 9.00-inch laid-
out-flat diameter and a hemispherical parachute of 5.86-inch projected
dlameter were opened for spin recovery on models 2, 3, and k4, the results
were as Tollows: For model 2, recoveries obtained with the flat para-
chute appeared to be slightly better than those obtained with the hemi-
spherical parachute; for model 3, the turns required for recovery with
the flat and hemispherical parachutes were not appreciably different;
for model 4, the recoveries obtained with the hemispherical parachute
were better than those obtained with the flat parachute. Also, for
model 5, a 4.20-inch-diameter hemispherical parachute effected slightly
better recoveries than did a 6.00-inch-diameter flat parachute. It
appears, therefore, that in general the hemispherical parachute gave’
spin recoveries equally as good as flat parachutes when the projected
diameter of the hemispherical parachute was about two-thirds the laid- -
out-flat diameter of the flat parachute. The drag of the hemispherical
parachutes required for recovery was approximately 70 percent of the drag
of the flat parachute.

For model 4, the recoveries obtained with the 10.60-inch-diameter
high-porosity stable flat parachute were better than those obtained
with the 9.00-inch-diameter unstable flat parachute, even though the
drag of the stable parachute was less than that of the unstable para-
chute.

Effect of Increasing Towline Length

When model 6 was tested in the Langley 20-foot free-spinning tunnel
at an airspeed of approximately 57.5 feet per second in a nose-down
diving attitude with the 10.00-inch-diameter unstable flat parachute
attached to the tail with a 10-inch towline, the erratic behavior of the
unstable parachute caused the model to make violent pitching and yawing
gyrations of as much as 30 from a vertical nose-down attitude. The
actions of the model and the parachute during tests with the 10-inch
towline are shown in the motion-picture strip in figure 20. When the
towline length was 60 inches, the gyrations of the model were slightly
less violent than when the towline length was 10 inches. If it is
assumed that the model represented an airplane with a wing span of 50 feep,
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the full-scale parachute diemeter was 26.2 feet, and the full-scale
towline lengths were 26.2 feet and 157 feet, respectively. The results
of the tests indicate that increasing the-towline length will not
eliminate the difficulties associated with towing unstable parachutes.

CONCLUDING REMARKS

Based on the results of an investigation with airplane models in the
Langley free-flight and Langley 20-foot free-spinning tunnels to
determine whether a stable parachute could be safely towed behind an
airplane in flight and also whether it would be effective as a spin-
recovery device, the following concluding remasrks can be made:

1. When unstable tail parachutes of the size estimated as required
for spin recovery were opened from a model in gliding flight, sustained
flight was impossible because of the extremely violent pitching and
yawing gyrations performed by the model.

2. When stable tail parachutes of the size required for spin
recovery were opened in gliding flight, the stablility of the model was
increased and sustained flights could be made with ease.

3. Satisfactory spin recoveries were effective with either stable
or unstable parachutes.

k. In general, the hemispherical parachutes gave spin recoveries
equally as good as unstable flat parachutes when the projected
diameter of the hemispherical parachute was about two-thirds the
lajid-out-flat diameter of the flat parachute.

5. The gyrations which the model made when towing an unstable tail
parachute were not appreciably lessened by increasing the length of
the towline. ‘

6. The stability of the parachutes was found to be primarily a
function of porosity of the fabric.

7. The parachute drag coefficients decreased as the porosity was
increased.

Langley Aeronautical Iaboratory
National Advisory Committee for Aeronautics ]
Langley Air Force Base, Va., June 23, 1948 .
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APPENDIX ~
FORMULAS FOR ESTIMATING THE EFFECT OF TATL

PARACHUTES ON ATRPLANE STABILITY

A tail parachute theoretically increases the static longitudinal
and directional stability of an airplane. In practice, however, this
increase is not realized if the parachute itself is unstable. For the
case of the stable tail parachute, the increases in the static stability
of the airnlane may be estimated from the formmlas derived in the
following paragraphs. The symbols used are explained in figure 21.

Static longitudinal stebility.- The increment in pitching moment
.produced by a tail parachute is .

MM = DBy A (1)
From figure 21,
Hy = H cos (ug - €p) (2)
where
H = Z, - A (3)
end
A= 1y ten (ag - ep) (1)

For small velues of og - &, ‘

Hy = Hy = Zy - 1y (ag - €) (5)
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The total parachute inclination angle €p can be broken down into its
camponent parts as follows:

- de
ep=(aa-a.zo)Ep+ew+ei (6)

where ¢, 1is the approximate angle at which the paraéhute hangs down
because of its weight and is calculated by the simple relation

W
€W = ta.n"l —P- (7)
DP

The term €4 is the angle at which the parachute hangs down because of

its instability. It has already been shown (fig. 11) that in a vertically
rising air stream, parachutes are inclined at some angle to the air stream
and the angle of inclination increases as the porosity is decreased. In
a horizontal air stream this inclination is also present and is usually
downward because of the weight of the parachute. Tests of parachutes

in the Langley free-flight tunnel indicated that €; varied with porosity

in approximately the same manner that the inclination angle variled in
the vertical air stream. Values of ¢; for parachutes of different

porosity can therefore be obtained directly from figure 1l.

Substituting in equation (5) the expression for ¢, glven in
equation (6) gives

de dep
H2=Z0-Z.bda l—E +CL10E-€W-€1 (8)

Converting to coefficient form and substituting the value of Hp shown
in equation (8) gives

d
ACy = CDP Zs % Zo - 1t < - EE%) + ayg P _ - € (9)

Differentiating equation (9) with respect to angle of attack (ag)
gives ACh (per radian) as

Acmu=-chs%él(1-g§3) (10)
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Dividing equation (10) by CLa‘(per radian) gives the incremental static-
dC ‘
margin factor Aﬁ;ﬂﬁ,

Cr,

(11)

‘ de
The rate of change of dowrnwash with angle of attack EE; was determined

experimentally to be approximately 0.2 for model 1 for the towline
lengths used. This value was used in calculating the longitudinal
stability increment caused by the parachute.

Static directional stebility.- Similar treatment of the directional
stability results in the following expression:

Sp 1t

ACnB = CDP -S—w T (per radia.n) (12)

(Sidewash was not teken into account in this expression.)

Calculated changes in stability.- In order to illustrate the effect
of a tail parachute on the stebility of model 1, calculations were made
by using equations (11) and (12). The calculations were made for a
7.23-inch-diameter 400-porosity hemisphericel parachute. The results

showed that the static margin BCm/BCL was increased by -0.11 and the
static directional staebility Cnﬁ was increased by 0.0014t per degree.

Calculated changes in trim.- The change in trim 1ift coefficient ACy,
caused by the opening of a tail parachute can be calculated by dividing
the value of ACm obtained from equation (9) by the totgl static

mergin aCm/BCL which is obtained by adding the incremental static margin

calculated by equation (11) to the static margin of the airplane without
the parachute. .

For the parachute having large values of & and erratic motions

(porosity under 250) the change in trim camnot be calculated accurately
by this method.

Calculations were made by this method to determine the change
in trim for model 1 when a T7.23-inch-diameter 40O-porosity hemispherical
parachute was attached at the tail at a special attachment point k.7 inches
below the center of gravity. The results indicated a change in trim 1ift
coefficient of -0.16 which agreed fairly well with the change of -0.19
observed in flight tests of this condition.

e e e ———— e —— e p e - o -



16

NACA TN 2098

REFERENCES

Shortal, Joseph A., and Osterhout, Clayton J.: Preliminary Stability
and Control Tests in the NACA Free-Flight Wind Tumnel apd
Correlation with Full-Scale Flight Tests. NACA TN 810, 194l.

. Zimmerman, C. H.: Preliminary Tests in the N.A.C.A. Free-Spinning

Wind Tunnel. NACA Rep. 557, 1936.

Kamm, Robert W., and Malvestuto, Frank S., Jr.: Comparison of Tail
and Wing-Tip Spin-Recovery Parachutes as Determined by Tests in
the Langley 20-Foot Free-Spinning Tunnel. NACA ARR L5G19a, 1946.

Seidman,.  Oscar, and Kemm, Robert W.: Antispin-Tail-Parachute
Installations. NACA RB, Feb. 1943.

. Wood, John H.: Determination of Towline Tension and Stability of

Spin-Recovery Parachutes. NACA ARR L6A15, 1946.

. Brevoort, M. J., and Joyner, U. T.: Aerodynamic Characteristics of

Anemometer Cups. NACA TN 489, 193k4.

Scher, Stanley H., and Gale, Lawrence J.: Wind-Tunnel Investigation
of the Opening Characteristics, Drag, and Stability of Several
Hemispherical Parachutes. NACA TN 1869, 1949.




NACA TN 2098

TABLE T

LOADING CONDITIONS OF THE ATRPLANE MODELS USED

IN TATL-PARACHUTE STABILITY INVESTIGATTION

Centertof-gr'avityl
location . kY k,
woasn | (33" </ 2/ D
1 7.93 | 0.28 o.ooé (a). (a) (2)
2 3.69 .268 .001 0.110 ‘0.157 6.192
3 3.35 .251 .010 111 Ak 178
4 2.35 | . .284% 017 119 22 :167
5 1.50 .230 017 .100 .203 .220
6 2.09 .231 -.031 .101 A58 | .18
&Values not measured. A

17



TABI® II
FLAT PARACHUTES USED IN TATL-PARACHUTE
STABILITY INVESTIGATION
diParEChute a Canbpy Porosit§ YVent Kumber of Legﬁﬁguzf
ey @% | mterial ool mamter | gE | e
(in.) material (in.) (1n.)
k.25 811k SApprox. 120 0.35 8 5.Th
5.70 -=--domnnn CApprox. 120 - .48 8 7.70
£.00 -=—=dg-=-= CApprox. 120 .50 8 8.10
7.00 S PR CApprox. 120 .58 8 9.45
8.00 JRIPP A Sppprox. 120 67 8 1080
9.00 ----do=---- CApprox. 120 15 .10 12.15
10.00 Kylon Capprox. 120 .83 . 8 13.50
10.60 Loosely Wery high Nons 8 14.30
wovén mesh
14.00 841k CApprox. 120 1.17 8 18.90

Blaid-out-flet diameter.
bCubic feet of alr flow per minute through 1 square foot of material under pressure of 1/2 inch

of water.

chutes were made from parachute 8llk and nylon, the porosities of which were based on spacifications

of the Armed Services.

g?orosity of this parachute was not measured but probably exceaded 900,

gT

g60C NI VOVN
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TABLE I1T

HEMISPHERICAL PARACHUTES USED IN TATL-PARACHUTE

STABILITY INVESTIGATION

[Parachutes wore made of silk or nylon unless otherwise noted
a.nd. had no central vent]

19

8preformed diemeter.

asured by manufacturer.
chute made at the Langley Laboratory of laysrs of @.uze Impregnated with
airplane dops (cellulose nitrate) thimned with acetone.
dparachute made of nylon scrsen; porosity too high to bs measured with
manufacturer's msasuring device.

°

. e

Parachute Porosity of canopy Numbsr of Length of
diameter? materialb shroud 1ines shroud lines
(in.) (cu ft/sq £1/min) (in.)
L.k 150 12 12.75
k.20 250 12 12.75
k.20 Loo 12 12.75
5.86 150 12 18.00
5.86 - 250 12 18.00
5.86 koo 12 18.00°
7.26 150 16 22.50
7-20 200 16 22.50
7.20 29) 16 22.50
7-23 koo 16 22.50
8.28 150 16 25.50
8.21 200 16 25.50
8.35 250 16 25.50
8.21 20k 16 25.50
8.35 400 16 25.50
10.10 CApprox. 0 16 30.00
9.86 150 16 30.00
9.86 200 16 30.00
9.86 250 16 30.00
9.85 294 16 30.00
9.80 ITelo] 16 30.00
9.8 432 16 20.00
9.8 460 16 20.00
9.8 543 16 20.00
9.80 612 16 20.00
10.00 700 16 20.00
9.80 0 16 20.00
11.78 150 16 36.00
11.57 200 16 36.00
11.52 250 16 36.00
11.78 294 16 36.00
11.84 400 16 36.00
24 .20 157 16 29.00
36.56 30 16 41.80

NACA
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NACA

STABILITY OF PARACHIITS WITH EWD OF

TONLTHE TIED TO BAR IH AJR STREAK
[me,%b%m]

TN 2098

Parachute Stability of perachute
Dismeter® Poroalty of material Boha stroan 61
Tree (in.) (cu rt/uq ft/ain) vior in alr {deg)
Hemispharical %.20 koo - Stable; elined vithin a few dsgrees 3to5
of direction of air stream
Do=wme==m 5.85 koo do 3to5
Do———vmn T.23 koo do 3te3
Do-——-—- 8.35 " koo ¥ 3t05
Do-—===n 9.8 koo K do 3t 5
Dommmemn bg.80 500 Stable; alined within a fov degrees 3t05
of direction of air gtream; slight
Tibrations in canopy which were
not present with the lopger shround
~ lines
Do=—mr=- .84 %00 Stable; alinsd vithin a few dogross 3t 9
° of direction of air gtream
Dom=—-=v 10.10 [ Circled erratically vhile leening 48
to side
Do=emem 9.86 150. Koved. erratically back and forth 15 to 20
and from side to side
Dommm=m= 9.86 200 40 10 to0 12
Dor——— 9.85 250 -d0 Lt 8
Do-—=-r= 9.85 294 do 6 to 10
2 9.8 b3 Stable; alined within a few degroos 2 toh
of direction of air stream
Do=——ennm 9.80 60 - Stable; alinsd within a few degreea lt3
of direction of air stream
Do=-=e== 9.86 =43 Stahle; alinsd vith air stream o
Do—-wen= 9.8 612 40 1}
Do=----- 10.00 T00 do o
Do-——=n~ 9.8 >900 40 3}
Do=om=== 8.28 150 Moved erratically back and forth and 15 to 20
from side to slde
Do==wnme 8.p1 200 do 10 to 12
Do-e=weme 8.33 250 2o % to 8
8.21 29% o 6 to0 10
Do=-==~= 11.78 150 do 15 to 20
DPo-=-=— 11.57 200 do 10 to 12
Dor===== 11.52 250 do . ht 8
S 11.78 T 2%k do 6 to 10
Flat 8.00 Approx. 120 Moved back and forth and from side to 28 to 32
side or cirvled erreatically vhile
leaning to sids
Do-mmmm- 10.00 Approx. 120 do 28 to 32
Do--—--- 1k.00 Approx. 120 4 28 to 32
Do——m-- 10.60 Yory high Stable; alined with air stream 0

8 prefcrmed diamster for hemispherical parachutes; laid-out-flat d.iamete.r for flat parachutes.

mmﬁmmmmm(mbhm)mmw




TAHLE V

SMBILITY AXD DEAG CHARACTERTOTICS (Ff PARACHUTES

FLOATING FREZLY XN ATR STEEAH

—— e —— e e

Parachrte Statdlity of parachube Ireg ocbarectoristics of peracinute
Trpe Dlometer Foroalty Behevior in air stroan o o v
(1a.) (on £4/63 £4/uin) (deg) (1b) (o) | (wbyrs?)
9.86 180 Hads erratic motions, leaning from 20 0.039 38.7 1.8
wide tat:.d;i ‘travelsd aaross or
axvoumd
9.88 200 - [ P 1 035 3f.e 1.677
9.8 250 Lags orretlc than 150-porosiiy 3 b0 10 039 3B.7 1.815
9.86-1noh yaraahute
9.8 ok | - a0 - 9 4o 10 09 ig.o 1.7
9.80 M) Btabla; Alined within a fav dsgrecs 305 J0hE ko2 1.9%8
& o0 of direction af alr stream )
9. smsmsmmanae o= lpm oo e e 3 to .0hE 23.3 T
9.65 pX - -4 2 to E 038 2T.3 .g1g
9.680 %50 ~do---~ 1lto3 030 7.3 S1L
9.85 %3 Stable; alirsd with air streea 0 fY:518 7.3 912
8.8 612 Ao --- 0 ﬁ 30.1 1.109
10.00 TO —==fio — 0 B 27.3 912
9.0 900 . -do - 0 061 30.1 1.109
5.85 30 Mads errefic motioos, leaning from 20 Qa2 33.6 1.360
8ids to sidej traveled aorvas o
around. tarmal !
Do-===nn 1.8 250 Lasy arrabio than 130-poroaity 10 to 19 02k 276 13.6 1.358
%.86-irch perachuts
Do------ 5.86 oo Btable; alined within a for degress 3t s o7 21 33.6 1.368
af ddrection of air sirsan
Do-=mmmm .8 koo -—- 0-- It 9 028 bl k2.2 £.198
Po==~=== b Lk 1% Mada arratio motions, leaning from 20 013 - ko.8 2.000
mide to mde] travelsd aocross or
. eround tunme
Do==e—-= 500 230 Lﬁ:ﬂlg_mtd.ﬂ than 170-poroaily 5 to 10 01% 3ok 9.1 2.921
. inoh -
Dommm—— k.20 hoo 8table} alined withdn o for degroes Jto B KL ) + 3o k.8 3.005
of direction of air streem |
Do ==mm= 8420 157 Mndo arratic motiona, leaming fram | -——-e—e- 100 h.3%0 3.4 1.00%
side to sids; travelsl across or
arcand tamnal
Do--—=-- 36.56 30 ~do ggg 4160 20.4 6T
Tt 9.00 Approax. 120 Made arrabio olroling or slde-to- 30 . Akl 34.3 1.kps
aids motiony travelsd aorces or
around toonel
Do====== 8.00 Approx. 180 --do 30 004 bl Eaz 1.6k
Do==en== 6.00 Approx. 180 --do 30 .003 Eil{ 3. 2,303
Do--==-- ©10. 60 Probably > 500 Btable; alined wvith air oiroam 0 001 . Lp.o g.117
SPrafcrmed disweter for hewimpherical paruchutes; laid-qut-flat dismeter for flat perschmtas. .
alnos given are bassd oo laid-ont-flab diameters of 5.00, 8.00, 6.00, axd 10,60 inches, respsctively; if based on approximate inflated diemsters (6.9%, 5.%0,
h.20, and 7.79 inches, respectively), the drag cocfficients would be 1.0, 1.h8p, 8, anl 0.728. '
parachute bad a strip of irporods tape 1 inch wide attached arcund 1te elgs just ebove the rim.

W
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TABLE VI

BTABIT.ITY AND CORTROL UEARACTERIOTIOS COF AN ATHPLARE MODEL IN GLIDIRG FLIGHL IN THE
[ANGLEY FREE-FLIGHT TUNNEL WHILE TCWING DIFFTRENT TIFES OF
TAIL SPIN-BRCOVERY PARACHUTLES

[Without pevechuter Cp, = 0.8, 7 = 8.9, ¥ = 54 fps; 30-inch tovline used for all test

Fiat type Hemiapherical fype

& Porosity Porosity

(1n.) Approx. 120 150 200 254 koo
(approx.) (i) (1]-:) ?l;r), ﬁ) Pu [a0p (o |PiM |o0n | 29 [B|M | f0p & |P|M | &g | &
k.o DB | ==--- weee | D4 B+ | =001 [3.0 [ - - |----- SN U [P U NP Y P P 3.3
5.7 p|o |-~019)8.85 ) -=f -~ [----- e Il Ll Bt e Il RS e I B ol IR PR B
5.9 mm | = | - —— | D+| -0 |68 | -)--]----- el I I R “---= | AJA" | ~.08 | B.7
7.0 D |0O- 03|60 | | == | =mems e BN LN EEEEE ]| | -] - mmmm | A | R -
7.2 LS IETN BT | D+|0O-) -03|85|C}jc |-0.05] 9.2|B|B |0.06 |76 |Aja | .03 | 6.8
8.0 DD | ===-= N ] el B wure| = mm |- e Il el R cmme | o e | e[
9.9 DD | w==-v|m=== | D] D |----- -—--| 0O~ oL| 4.0l B{B-| .03 [13.7T | A| A+] -.03 [12.5

Sporachute behavior:

A Parechuts alined iteslf with wind or at

amall angles to the wind stream; very littls motien.

vory
B Parachubte alined itself %° to 10° to the wind stream and changed trim positions dmring flight.

)

Parachute assumsd .I.H.I‘EB HOgIas Ol

buod.ol stabilitys W

Good..
Fair.
Poor.
Hodel unflyable.

A

B

c

D
AGL ip the change in 1ift ccofficlont caused by the paracimte being towed.
Sy

C Parachnte asmmed trim angles of 109 to 15° to the wind etreum, changed trim position with en erratic motion.

Y R P R ) 1o Al mdesam and vas 1o canstant motiom.
in constant MOTLON.

5
:
n
3
&
2
E
E'
:
E

@60C NI VOVN

is the change in glide-path angie osused by the parashute being towed.
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TABLE VII

HPTH-REJOVERY- PARACHUTE YEBTH MADE IN TE

LARGLEY 20-FOO? FREB-GPINNING TUMNEL

Bteady spin parametars Fareohote
Model ag v g Dismeter® Poronity length 1 far recovery
(deg) (£p0) (zpe) e (1n.) (ou ft/oq £b/min) (1a.) (10)
Tiat 9.00 Approx. 190 20 0.750 1, 1F, 1
N PR 8.00 Approx. 120 20 .509 «g%, g, gﬁ
2 63 Wh.9 1.0 spﬁt-ml 5.86 150 £0 ez 2, 1, 11, 14, 3
I 5.86 250 20 -323 3, 2, 14, 3
R, 7, S 5.86 Loo 20 223 Eﬁ: 1%: 1, 2
Flat 9.0Q Apmrox. 120 20 T30 1, 1,1
3 "5 k.9 1.9 R“ijlgal 5.8 150 20 -5 1,34, 1, 14
medp——— h.lk 150 20 -BT2 Ei’ E}g ("%
Flat 9.00 Approx. 120 16 922 i, 1,53, 2%
Hemi~ 1
L1 e 49.8 8.0 spherical 5.86 k0O 16 «Ghk 1, 12: 'E) 1
Tlat 10.60 OYery high 16.6 633 i, 23, 18, 1, 2
at 6.00 Approz. 180 15 RS w, 12 3 o1
- rr— 4 b4 37 “g9F pr i
Hami-
? P30 to 50 | AR () spherical bl d e 393 P
O, - k.20 B350 ' 13 -hoh %: %, %: *
=rndgen- ‘4-20 'm 15 '391 l" %’ ﬁ" .EJ i, %

aI‘.n:li'csrmod. dieneter for hemispherical peraclutas; laid-oat
11latory epin; diffioult to control wodsl in
ity was pot measured but probably exceeded 900. This parachute bad a strip of imporous taps 1 inch wide attached
around its edge above the rim.

B

-flat diameter for flat parachates.

Q602 ML VOVN
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/erhmcm pont

_—Towine  attachment
= poinf

Figure 1l.- Three-view drawing of model 1 used for towing parachutes
in Langley free-flight tunnel.
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- 22.52%

05"

Figure 2.- Three-view drawing of model 2, used for spin-recovery-parachute
tests in Langley 20-foot free-spinning tunnel.
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—7.6/7 —

4

.05

23,06”

Figure 3.- Three-view drawing of model 3, used for spin-recovery- parachute
tests in Langley 20-foot free-spinning tunnel.
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32.45”

2/.20"

Figure 4.- Three-view drawing of model U4, used for spin-recovery-parachute
tests in Langley 20-foot free-spinning tunnel.
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Figure 5.- Three-view drawing of model 5, used for spin-recovery-parachute
. tests in Langley 20-foot free-spinning tunnel.
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Figure 6.- Three-view drawing of mod
spinning-
conventional flat parachute.
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Flgure T.- An unstable flat parachute open in vertically rising alr siream
of Langley 20-foot free-epinning tunnel.
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Figure 8.- A stable hemispherical parachute open in vertically rising air
stream of Langley 20-foot free-spinning tunnel.
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Figure 9.- Model 1 towing a T.23-inch-dismeter stable hemispherical para-

chute in Langley free-flight tunnel.
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L-49005 .

Figure 10.- A typical airplane model spinning in Langley 20-foot free-
spinning tunnel.
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Inclination of parachute to air stream, ¢y, deg
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Figure 11.- Variation of angle of inclinstion to alr stream with porosity
for hemispherical and flat parachutes tested in Langley 20-foot free-
spinning tunnel. )
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Figure 12.- Five approximately 9.80-inch-diameter hemispherical parachutes
with porosity numbers (left to right) of L00, 2gk, 250, 200, and 150
being tested in Laengley 20-foot free-spinning tunnel. Parachute with
porosity of 250 is inclined toward camera.
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Frames 1 to 11 12 to 22

Figure 13.- Motion-picture strip of the 5.86-inch-diameter 150-porosity
hemispherical parachute - with a weight attached to its towline -
floating freely in vertically rising air stream of Langley 20-foot
free-spinning tunnel. -The pictures were made at a camera speed

of 32 frames per second.
W
L-5! 333
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87 to 77

Figure 13.- Concluded.
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Frames 1 to 13

Figure 1k.- Motion-picture strip of the 5.86-inch-diameter 40O-porosity
hemispherical parachute - with a weight attached to its towline -
floating freely in vertically rising alr stream of Langley 20-foot
free-gspinning tunnel. The pictures were made at & camera speed

b
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53 to 65

79 to 91

Figure 1h4.- Concluded.

92 to 104

| L*5! 336
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Farachute drag coefficient,
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160 20 300 4oo 500 &0’ 700 8bo 900
- ., Pabrle poroslsy

Figure 15.- Veriatlon of parachute drag coefficlent with poresity for
hemispherical parachutes tested in Langley 20-foot free-spinning

tunnel.
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Parachute drag coeffleclient, CDP

r
A% |

[ = i
H . H
o - ©

.
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I
|

[0 Hemimpherioal shaps {opensd st low
apeed)
* A Pear shapa {openad st 208 mph)

<> value taken from table V for 9.80-
inch-diameter L00-porosity

hemlapharical parachute

10 20 3 U 50 60 70 d 9 100 110 120 130 1% 150 160 170 180 190 200 210 220 230 240 250 260
: Indicated eea-level veloclty, mph -

Figure 16.- Variation of parachute drag coefficient with indicated ses-
level velocity for 11.84-inch-diemeter LOO-porosity hemisphericel
perachute tested in Langley 300 MPH T- by 10-foot tunnel.
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Frames 1 to 11 12 to 22
e a Lod -
S Tk - -
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Unstable

53

Frames 1 to 11 12 to 22

Stable

Figure 17.- Motion-picture strip of unstable 5.70-inch-diameter flat
‘parachute and stable 7.23-inch-diameter hemispherical parachute being
towed in gliding flight in Langley free-flight tunnel. The pictures

were made at a camers speed of 32 frames per second.
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17 to 24 25 to 32 88 to 40 41 to 48

Figure 18.- Motion-picture strip of model 5 recovering from a spin
after 6.00-inch-diameter conventional flat parachute was opened.
Parachute pack started to open at frame 40. Perachute had opened
fully at frame 47. Model had recovered from spin at frame T6. Model
in recovery dive during frames 77 to 93. The pictures were made at

& camere speed of 32 frames per second. . -
L.
L-5! 338
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Figure 18.- Concluded.

81 to 88

L.-56339

89 to 93
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Frames 1 to 8 8 to 16

Figure 19.- Motion-picture strip of model 5 recovering from a spin
after 4,20-inch-diameter 400-porosity hemispherical parachute was

orened. Parartmite nark gtartad +n onan at frama 28 Porarhita hod
\tr\-‘au\-- ol il ks b LA Gk A :ub“ = = T e LA VH‘J“ e W e b AL [ ] b bl G LA W AL,

opened fully at frame 36. Model had recovered from spin at frame TO.

41 to 48

-5! 340

Model in recovery dive during frames Tl to 82. The pictures were made

at a cemere speed of 32 frames per second.
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49 to 56

Filgure 19.~ Concluded.
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25 to 36 37 to 48

Figure 20.- Motion-picture strip of model 6 suspended with a 10-inch
towline from 10.00-inch-dismeter flat parachute (porosity approxi-
mately 120) in vertically rising air stream of Langley 20-foot free-
spinning tunnel. The pictures were made -at a camera speed of 32 frames
per second.
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85 to 96

73 to 84

L.-56343

61 to 72

NACA TN 2098
49 to 60
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Figure 20.- Concluded.
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Figure 21.- Sketch of model with tall parachute showing angles and
distances used in calcuiating increases in stability of model
resulting from parachute.
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